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Disclaimer!!

* Not many (preliminary) results (yet)
« Some theory...

 Study the low temperature structure of intercalated V,0O,
» Give theoretical support to the experimental node
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* Sensors

* Photocatalysts

» Electrochromic devices
 Lithium-ion batteries

 Low cost
 Abundance
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* Sensors

* Photocatalysts

» Electrochromic devices
 Lithium-ion batteries

» Optical: Phonon polaritons

 Low cost
 Abundance




V205

Confine light
Nanolasers

Infrared detectors
» Optical: Phonon polaritons Molecular sensors
(light coupled to optical phonons) e

Basically ne tuning
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V205

e Orthorhombic structure

* Inequivalent O positions — Asymmetric bonds
 van der Waals material

* |t can be easily doped (Na, Ca, Li)




» Confine light

* Nanolasers
» Optoelectronic: Phonon polaritons

(light coupled to optical phonons)
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e Infrared detectors
 Molecular sensors

e Some tuning
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NaV,0O;

 Structure
» Lowering the temperature = - Structural transition




NaV,O.

* Lowering the temperature —

Note added: After completion of this work an analysis of

the low-temperature NaV,0s crystal stiucture, using
synchrotron radiation X-ray diffraction, appeared in [20].
The authors found that a centrosymmetric average structure
persists down to 15 K. with a modulation pattern described
by an acentric Fmm2 superstiucture. However, the conclu-
sions are inconsistent with our optical data which clearly
show the existence of Raman tensors that are characteristic
for the monoclinic symmetry. The explanation may lie in the
fact that they also found a few reflections in X-ray spectra
obeying C centering which they did not consider in detail.

Structural transition

Solid State Communications 112, 397 (1999)
Monoclinic P2/b
2ax2bx4c

Phys. Rev. Lett. 82, 3633 (1999)
Orthorhombic Fmm?2
2ax2bx4c

Phys. Rev. Lett. 84, 3962 (2000)
Orthorhombic Fmm?2
2ax2bx4c

J. Phys. Soc. Jpn. 71, 385 (2002).
Monoclinic A112
(a—b)x2bx4c.




How?
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How? @

» Born-Oppenheimer (adiabatic) approximation:
* The mass of the electron is much smaller than that of the nuclei (m__.<<<m,)

HU = BV H.=T. + Ve + Vie + Vo

H=T.+Tn+ Vne + Vee + Vvn + Vit H.®; (r,R) = E;[R]®; (r,R)




HOW? H.®; (r,R) = E;[R] ®; (r,R)

* Theory to handle correlated many body problems

* Hohenberg-Kohn theorems:

« Any property of the ground state system can be described as a functional of the
ground state electron density

» We transform our 3N variable problem to a 3 variable problem with the electron
density!
« Kohn-Sham approach: Made the theory useful
 Auxiliary non-interacting system
» Group all many-body effects in an exchange-correlation potential (V,.)
 LDA
« GGA




How?
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How?

» Born-Oppenheimer approximation: Still a many body problem.

|:TN =+ I/}VNN + F, [R]} oni (R) = Enivni (R)

V(R)

* The atoms will have small displacements from their equilibrium position

compared to the interatomic distances.
* Born-Oppenheimer potential: V(R)=V(Ro) + Vi(R) + V2(R) + V3(R) + Va(R) + ...
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How? [Ty + Vi + Be, [R]] 9i (R) = Fuiions (R)
V(R)

Born-Oppenheimer approximation: Still a many body problem.

The atoms will have small displacements from their equilibrium position
compared to the interatomic distances.

Born-Oppenheimer potential: V(R)=V(Ro) + Vi(R) + V2(R) + Va(R) + Vi(R) +
Harmonic approximation + Classical atomic forces: Newton equation!
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HOW? [TN +Vyn + Ee, [R]} ¢ni (R) = Enioni (R)
V(R)

» Born-Oppenheimer approximation: Still a many body problem.

* The atoms will have small displacements from their equilibrium position
compared to the interatomic distances.

» Born-Oppenheimer potential: V(R)=V(Ro) + Vi(R) + V2(R) + V3(R) + Vi(R) +
« Harmonic approximation + Classical atomic forces: Newton equation!

 Calculation of the force constants:
« By “finite displacements” (i.e. Siesta).
* By “perturbation methods” (i.e. Quantum-Espresso).




How? Ty + Vw + B, [R]] 9ui (R) = Foioni (R)
V(R)

* Born-Oppenheimer approximation: Still a many body problem.

* The atoms will have small displacements from their equilibrium position
compared to the interatomic distances.

* Born-Oppenheimer potential: V(R)=V(Ro) + Vi(K) + V2(R) + Va(R) + Vi(R) + ...
« Harmonic approximation + Classical atomic forces: Newton equation!

 Calculation of the force constants:
« By “finite displacements” (i.e. Siesta).
* By “perturbation methods” (i.e. Quantum-Espresso).

Atoms—xparticles M




Typical approach { O

« Optimization of the comp. parameters (40 calculations max)

« Energy cutoff: 140.0 Ry

* K-points: 16x6x15
« Optimization of the lattice and the atom’s position (1 calculation)
* Electronic band structure, DOS ...

* The electronic calculation has to be very well converged (forces)
* g-points: 2x1x2 (4 calculations, each g can be calculated separately)

* Total comp. time: 55 Khours (each q ~ 9 days).




Typical approach

A

Y

.
OEUHHTUM

EEEEEEEE
EEEEEE
OOOOO




Typical approach

{ Qe

In the o'-(Na)V20s case imaginary phonon frequencies are found within the

harmonic approximation
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How? [Ty + Vi + Be, [R]] 9i (R) = Fuiions (R)
V(R)

» Born-Oppenheimer approximation: Still a many body problem.

* The atoms will have small displacements from their equilibrium position
compared to the interatomic distances.

* Born-Oppenheimer potential: V(R)=V(Ro) + Vi(R) + V2(R) + Va(R) + Vi(R) +
« Harmonic approximation + Classical atomic forces: Newton equation!
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How?? A

Y A
. [TN + Van + Ee, [R]} oni (R) = Enioni (R) S S C ‘_ln
V(R) Harmonic Approximatio

« The BO potential is still a many body problem.

* Method to incorporate ionic quantum and anharmonic effects without
approximating V(R).

Energy
Energy

V,R) >
N

R, Position Position




How?? A

Y A
. [TN + Van + Ee, [R]} oni (R) = Enioni (R) S S C ‘_ln
V(R) Harmonic Approximatio

« The BO potential is still a many body problem.

* Method to incorporate ionic quantum and anharmonic effects without
approximating V(R).

» Variational principle: F[p] = (T; + V), —TS[p] > F

* Quantum and thermal fluctuations of ions.

« Stochastic nature: Monte Carlo evaluations.

Energy

Position




How?

Generate {R;}r=1,....n, with p3,(R)

CPU intensive: DFT ab initio calculation of {f(R;)}r=1,....~.

Importance sampling and reweighting to calculate V Fy[H,]

{

CG step: (Reg; ®); = (Reg; @)1

Jj=73+1

No reweighting OK?

-I—ZNC p?{](R]) Nl?
Ne 2121 gy Ry L

minimum found?

No

Output quantities: Rey, ® and Fpu

AA
w

SSCHJ

Stochastic Self-Consistent
Harmonic Approximation
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Detalls

« 2X1x2 supercell (64 atoms)

 Around 900 structures
« Energy cutoff: 140.0 Ry

» K-points: 8x6x38

» 48 processors (high-memory nodes) — 16 hours

* Total comp. time: 700 Khours.
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Results
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Conclusions & outlook

* Phonon dependence with temperature (finishing the calculations a.t.m.)
* Most stable structure at low temperatures
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